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FIG. 3
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1
METHOD OF FILLING VOIDS AROUND
COUNTERSUNK FASTENER HEADS

BACKGROUND

A paint system is applied to a commercial aircraft prior to
customer delivery. The paint system may include a decora-
tive coating, which enhances the aircraft’s appearance, pro-
vides operator markings, etc. The paint system may also
include a protective coating in certain areas to prevent
corrosion. On composite aircraft, the protective coating also
prevents ultra violet radiation, erosion, and moisture ingress.

The paint system may include a primer, which is applied
to an exterior surface of the fuselage. In addition to covering
composite skin, the primer covers fasteners. One or more
coats of paint is applied over the primer.

“Halos” sometimes appear around countersunk fasteners.
The halos appear as visible circular or semi-circular depres-
sions in the paint around the fasteners. These halos are
undesirable, as they detract from the aircraft’s appearance.

SUMMARY

According to an embodiment herein, a method for a
structure having a countersunk fastener head includes forc-
ing an aliphatic urethane surfacer into a void around the
fastener head.

According to another embodiment herein, a method for an
aircraft fuselage having composite skin comprises forcing an
aliphatic urethane surfacer into voids in skin around coun-
tersunk fastener heads to completely fill the voids; and
applying a paint system to the fuselage.

According to another embodiment herein, an aircraft
comprises composite skin, a plurality of fasteners having
heads countersunk in an exterior surface of the skin, and
aliphatic urethane surfacer completely filling voids in the
skin around the countersunk fastener heads.

These features and functions may be achieved indepen-
dently in various embodiments or may be combined in other
embodiments. Further details of the embodiments can be
seen with reference to the following description and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are illustrations of a fastener that is
countersunk in a composite structure.

FIG. 2 is an illustration of a commercial aircraft.

FIG. 3 is an illustration of a method including applying a
paint system to an aircraft.

FIG. 4 is an illustration of an aircraft fastener that is
countersunk in a composite skin panel and covered with a
paint system.

DETAILED DESCRIPTION

Reference is made to FIGS. 1A and 1B, which illustrate
a fastener 110 that is countersunk into a structure 120 made
of composite material. The fastener’s head 112 may be flush
with a surface 122 of the structure 120, or it may be a few
mils above or below the surface 122.

To countersink the fastener head 112, a counterbore may
be machined into the surface 122. Consequently, the fastener
head 112 is surrounded by a cut edge.

A void 124 exists between the cut edge and the fastener
head 112. The void is formed because the fastener 110 is
shaped in such a way that it leaves space between the
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fastener head 112 and the cut edge of the composite structure
120. The void 124 may be circular and continuous (as shown
in FIG. 1B), and it may have a somewhat triangular shape in
cross-section (as shown in FIG. 1A). Typical depth and
width of the void 124 may be five mils by eight mils for a
mid size %16" fastener.

If an aliphatic urethane surfacer is applied to the surface
122 in a conventional manner (spraying), a halo might
subsequently form around the fastener head 112. The appli-
cants have discovered that the halo might form because the
conventionally-applied surfacer does not fill the void 124.

The applicants have also discovered that the halo can be
eliminated by sufficiently forcing an aliphatic urethane sur-
facer into the void 124 around the fastener head 112. For
instance, the surfacer may be mechanically forced into the
void 124 using a sponge, roller or brush.

In some embodiments, excess surfacer is applied to
ensure that the void 124 is completely filled. Any surfacer
outside of the void 124 is removed. It is preferable to
completely fill the void 124 to mitigate the potential for
visible paint depressions around the fastener 110. Filling the
void 124 at the surface 122 may prevent air pockets, which
may ultimately cause paint cracking around the fastener
head 112 in service.

A surfacer denotes a particular functional category of
coating material. Aliphatic urethane denotes the type of
polymeric chemistry associated with the material.

The composite structure 120 is not limited to anything in
particular. One example is composite skin of an aircraft
fuselage.

FIG. 2 illustrates a commercial aircraft 200. The aircraft
200 includes a fuselage 210, wing assemblies 220, and
empennage 230. Each component 210-230 includes com-
posite skin panels that are fastened together and to a stiff-
ening substructure. Materials for the fasteners and skin
panels are compatible. For example, titanium fasteners may
be used with skin panels made of carbon fiber reinforced
plastic. These fasteners may have been installed by drilling
holes into the skin panels, countersinking, inserting the
fasteners into the drill holes, and terminating the fasteners.

Now consider the fabrication of the fuselage 210. For
some aircraft, the fuselage 210 may be formed in sections,
which are joined together. For instance, mid fuselage sec-
tions 43, 44 and 46 are joined together, and this mid fuselage
is painted. Nose section 41 is separately painted and subse-
quently joined to the mid fuselage. Empennage sections 47
and 48 are also separately painted and subsequently joined
to the mid fuselage. Additional painting is performed after
the sections have been joined.

FIG. 3 illustrates a method that may be applied to the
fasteners at the surfaces of each of these sections individu-
ally (that is, prior to being joined to another section). The
method of FIG. 3 may also be applied to the fasteners at
joints of joined sections.

Reference is now made to FIG. 3, which illustrates a
method including applying a paint system to composite skin
of a fuselage. At block 310, the fuselage (either the entire
fuselage or a portion of it) is moved to a paint hangar. In
some embodiments, the paint hangar may be a class 1
division 1 (C1D1) location having the area of a football
field. A C1D1 location refers to a location in which ignitable
concentrations of such gases or vapors may exist.
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At block 320, aliphatic urethane surfacer is forced into
voids in composite skin around fastener heads to completely
fill the voids. Only those exterior surfaces with fasteners
may be treated. The aliphatic urethane surfacer may be
applied manually using, for instance, a sponge, roller, brush
or other tool.

The aliphatic urethane surfacer is compatible with the
type of paint system used on commercial aircraft, including
a compatible strain modulus (which reduces cracking). In
some embodiments, the aliphatic urethane surfacer may be
a two-component, chrome free, chemically cured, high sol-
ids, polyurethane surfacer. A first component contains pig-
ment and polyester resin, and a second component is a clear,
non-pigmented aliphatic isocyanate prepolymer, which acts
as a hardener or curing agent for the first component. The
components are mixed prior to forcing the aliphatic urethane
surfacer into the voids.

At block 330, excess surfacer is removed from the surface
of the skin. The excess surfacer may be removed manually
using, for example, a squeegee.

At block 340, a coat of aliphatic urethane surfacer is
sprayed over the skin. The coat, which is typically no more
than four mils thick, may be applied within one to six hours
after the aliphatic urethane surfacer is forced into the voids.
The surfacer is cured, and the fuselage is sanded.

At block 350, a paint system is applied. For instance, the
paint system may include primer and one or more coats of
paint.

In other embodiments, the surfacer coat (block 340) may
be skipped. Instead, the surfacer filling the voids is cured,
the fuselage is sanded, and the paint system is applied to the
sanded fuselage.

Reference is now made to FIG. 4, which illustrates an
aircraft fastener 410 having a head 412 that is countersunk
into a composite skin panel 420. Aliphatic urethane surfacer
430 completely fills a void in the skin panel 420 around the
fastener head 412.

A coat 440 of aliphatic urethane surfacer covers the
surface of the skin panel 420, as well as the fastener head
412 and aliphatic urethane surfacer 430. A primer 450 covers
the surfacer coat 440, and a topcoat 460 covers the primer
450. A halo does not appear around the fastener head 412.

A method herein is not limited to a fuselage. For a
commercial aircraft, the method may also be applied to the
wings and empennage. For other structures that will be
painted, a method herein may be applied to composite
structures having small voids around fastener heads.
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The invention claimed is:

1. A method for a structure having a countersunk fastener
head, the method comprising mechanically forcing an ali-
phatic urethane surfacer into a void around the fastener head.

2. The method of claim 1, wherein mechanically forcing
includes pressing the surfacer into the void, which is
between the fastener head and a cut edge of the structure.

3. The method of claim 1, wherein mechanically forcing
includes using a tool to press the aliphatic urethane surfacer
into the void.

4. The method of claim 1, wherein the aliphatic urethane
surfacer is a two-component, chrome free, chemically cured,
high solids, polyurethane surfacer.

5. The method of claim 1, further comprising applying a
coat of aliphatic urethane surfacer to the structure and over
the surfacer forced into the void.

6. The method of claim 5, wherein the coat is applied
within one to six hours after the aliphatic urethane surfacer
is forced into the void.

7. The method of claim 5, further comprising applying a
paint system including a primer and at least one coat of
paint.

8. The method of claim 1, wherein the structure is a
composite structure.

9. The method of claim 1, wherein the structure is an
aircraft fuselage structure.

10. The method of claim 9, wherein the aliphatic urethane
surfacer is applied only to those areas having fasteners.

11. A method for an aircraft fuselage having composite
skin and fasteners having their heads countersunk in the
skin, the method comprising:

using a tool to press an aliphatic urethane surfacer into

voids between cut edges of the skin and the fastener
heads to completely fill the voids with the surfacer;
allowing the surfacer to cure;

spraying an aliphatic urethane surfacer coat onto the skin

and over the fastener heads and the cured surfacer; and
thereafter, applying a paint system to the fuselage.

12. The method of claim 11, further comprising removing
excess surfacer from the skin after the surfacer has been
pressed into the voids but before the coat is applied.

13. The method of claim 12, wherein the coat is sprayed
on one to six hours after the surfacer has been pressed into
the voids.

14. The method of claim 12, wherein applying the paint
system includes applying primer to the coat and at least one
coat of paint.



